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ABSTRACT 


The  fluctuations  of  radio  signals  at  microwave  frequencies  on  overwater  paths 
are  ejqalained  on  the  basis  of  a periodic  rise  and  fall  of  the  water  level*  Prom 
this  study,  it  is  seer,  tri&t  the  variations  in  the  radio  signal  strength  will  con- 
tain the  frequency  of  the  water  level  cycles  and  also  the  second  and  third  har- 
monics of  the  water  level  cycles. 

Thin  same  model  predicts  that  the  cross  correlation  function  of  the  fltictua- 
tions  of  the  i^dio  signal  at  two  vertically  spaced  antennas  will  drop  from  urJLty  to 
isero  as  the  separation  distance  is  changed  from  zero  to  one-balf  of  a lobe  width 
of  a height-gain  interference  pattern. 

Although  the  model  assumes  reflection  from  a plane  surface,  the  results  of 
the  study  successfully  e3q>lain  most  of  the  features  of  the  observed  fluctuations 
of  the  radio  signals  on  two  overwater  paths. 


I.  INTRODUCTION 


A study  of  the  propagation  of  microwave  radio  signals  on  overwater  paths 
confused  by  the  absence  of  a suitable  model  of  the  rough  water  surfaces.  Reflec- 
tion from,  hemisphere,  sendL-cylinder  and  broken  mirror  type  surfaces  have  been 
considered,  but  the  results  obtained  are  very  tmwieldy  and  the  appropriateness  of 
the  models  for  actual  sea  surfaces  is  questionable. 

Many  of  the  characteristics  of  the  overwater  radio  signal  fluctuations  can, 
however,  be  e:q)lained  in  tenns  of  a plane  reflecting  surface  which  rises  and  falls 
periodically.  This  report  investigates  some  of  the  effects  of  this  sinplified 
model  and  compsu^es  the  r^ults  with  measured  overwater  propagation  data.  The  com^ 
parison  Indicates  that  at  small  grassing  angles  the  simplified  model  is  adequate  to 
explain  a nvunber  of  measured  cha^cterlstios. 

It  is  not  implied  that  the  plane  surface  model  gives  a con^ete  explanation 
of  the  radio  signal  fluctuations.  It  is  felt,  however,  that  the  plane  surface 
model  does  give  a very  good  solution  where  a large  coherent  reflected  conponent  is 
present.  It  is  felt,  further,  that  a clear  ursderstanding  of  the  plane  STirface 
case  will  be  of  value  in  approaching  the  problem  of  reflections  from  rough  sur- 
faces. 
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II.  MATHEMATICAL  FORMULATION  OF  TOTAL  RADIO  SIGNAL  EQUATION 


It  is  assumed  that  the  path  length  is  short  enough  so  that  straight  line  pro- 
pagation may  be  used  and  that  the  effect  of  the  earth's  curvature  may  be  neglected. 
With  these  assumptions,  the  phase  difference,  0,  between  the  direct  and  the  re- 
flected waves  at  the  receiver  can  be  eoqpressed  as  accurately  as  needed  by  the  fol- 
lovdng  equation. 


e « 


4n  h2h2 
K D 


n 


(1) 


‘ where  h-j^  » transmitter  height  in  feet, 

h2  * receiver  height  in  feet. 

D » path  length  in  feet. 

* \ • wavelength  in  feet. 

* 

The  reflecting  surface  is  assumed  to  rise  and  fall  sinusoidally  with  time  and 
the  deviation  of  the  reflecting  plane  fron  its  average  value  is  given  by 


Ah  ■ b sin  (tot)  (2) 


where  b is  the  maadmum  displacement  of  the  reflecting  plane  from  its  average  value, 
measured  in  feet. 

The  height  of  the  receiver  and  of  the  transmitter  are  given  by 


h-  ■ h,  + <i5h  and 
’*■  •*’o 

hg  - hg^  + ^ I 


respectively. 

The  equation  for  0 must  now  be  eaqanded  to  show  the  changes  in  h,  and  h which 
result  fsrom  the  reflecting  surface  height  variations.  The  equation  for  0 is'^ 
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h^  hg  ♦ (h-j^  + h2  ^ ^ + 
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(3) 

(4) 


If  we  assume  that  Ah  is  small  compared  to  (h.  + h„  ) we  can  rewrite  Equa- 
tion (4)  as  follows:  ^o 
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0 •>  (h-  ho  ) 

\D  ^0  ^o 

«»  (h,  ho  ) 

K D ^0*^0 


e^  + 4^  Sin  wt 


n + iJl  (hi  + h2  ) 

K D -^0  o 

J L -* 


The  eqmtlon  for  the  resviltant  received  signal,  £,  Is 


E - Kq  I 1 + Ke‘ 


where,  E ■ electric  field  strength  of  the  direct  ray  or  free  space  signal  at 
the  receiver. 

K ■ reflection  coefficient. 

The  ratio  R of  the  resultant  signal  to  the  direct  or  free  space  signal  is 
given  by 


R - (B/Eq)  - 1 ♦ Ke^® 

J 

-/l+K^  + 2KCose) 


where 


S ••  arc  tan 


g sin  9 
1 + K Cos  0 


tude 


Since  our  prifflary  interest  is  in  the  fluctuations  in  the  total  simal  aapli- 
, we  will  consider  only  the  scalar  magnitude  of  R in  Equation  (9j  which  is, 

Jr)  - + ^ (l  + B?)  + 2K  Cos  e (11) 

A binominal  series  eoqpansion  of  Ir  ( is, 

I R I * + KZ"^'^^cos  9 - ^ I'^^^cos^e  + ^ x'^^^cos^e 

2 3 

. ^ i-7/We  * 22^  i-5/2(jo.5e  ....  (12) 

X/  40 


urtiere  X » (1  + K^)  , 


aotv*  co; 


and  collect  coefficients  of  like  tenns. 


d the  Gc3^9  terms  in,  Squatiem  (12.)  feur  n 


jR ! - % Cos  9 Ag  Cos  29  +•  Aj  Oos  39 


where 
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(14) 


The  Coe  ftS  tenae  In  K<5»tlon  (13)  can  alao  be  eoqpanded  as  fdUavss 

Coe  B0  • Coe  nio^  ♦ 4*  Sin  «t)  C^) 

• Coe  (n%  ♦ n4*  31®  ®*) 


Coe  (n©-)  Coe  (n4>  Sin  tot)  - Sin  (n^)  Sin  (rtb  Sin  tot) 


(17) 


where 


(»t)Sln(ot)^  , (ncirSlnot)^  (n4?  Sin  (ot)  , 
Coe  (»p  Sin  cat)  - 1 

(itj)  Sin  tot)^  ^ (ntj?  Sin  tot)^  (ntb  Sin  tot 

3T  * 5J 
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sin  Sin  «t)  « (adr  Sin  cat) 

D> 

e final  step  in  the  eaqpansion  of  Cos”e  in  Equation  (12) , the 

teypn.  m • 0,  1,  2,  3,  etc.-  in  Eqpations  (18)  can  be  eaqoand^;  and  by 

the  owffioienta  of  like  tenis,  a final  ^ression  for^lis  obtained  In  tenw 

of  a fundanental  (tot)  and  its  harmonics ^ (nwt),  as  follows; 


A . 

AV 


1r  ! - Bq  •*.  Bi  sin  (0t  + Bi?  Coo  2 oat  + B3  Sin  3 cat  + 3^  Cos  4 wt  + 


• f • 


(19) 


5 


where 


Bq  - Aq  Cos  % + A2  4b2  Cos  2eb  ♦ Cos  36^3  + , . . ^ 

^1  °'h  0Q  - h "^^.2  200  - A3  c|>^^  Sin  300  -...  I 

®2  “ "H  "2  4^2  * ■^3'^23  Cos  3®o  ■*■•••  > (20) 

B3  - - Aj^  cjj^l  Sin  6o  - A2  <j3j2  Sin  20^  - A3  cj^  Sin  36^  - ... 

\ “ -^1  \l  Cos  0^  + Ag  Cos  200  ♦ A3  c|3^3  Cos  30^  + ...  , 


and 
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322560 
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Equation  (I9)  is  the  final  and  desired  soqpressicn  for  IrI.  The  terms  shovm 
in  Equations  (20)  should  be  adequate  for  deten^ing  the  B coefficients  for  K < 1 
and  4>  < i.  If  K ■ 1 and  d’  ^ i*  ®or®  tanns  may  have  to  be  added  to  the  series  shovm 
in  Equations  (14).  (20)  and  (21)  ^ depending  on  the  accuracy  required  and  the  high- 
est harmonics  of  Interest. 


An  expression  similar  to  Equation  (19)  can  be  obtained  for  the  total  relative 
power  received  if  |R|2  is  eoq>ressed  as  the  sum  of  a series  of  sine  and  cosine  terms 
obtained  through  an  esqjansion  of  Cos  0 . 


R|^  « (1  + R-)  + ac  Coa  0 


6 


(22) 


|h|2 


=>  Cg  + Sin  ut  + Cg  Cos  2o5t  + Sin  3wt 

+ Ctos  4(ot  + Sin  5ojt  + 


(23) 


where 


Cq  - (l  + ^ 2K  Cos  0^ 

Cj^  « 2K  Sin  0Q 

Cg  « 2K  (^1  Coa  0Q 

■ 2K  Sin  8^ 

C . - 2K  * Cos  0 

4 ^41  o 

3_  - 2K  <b_.  Sin  0 

5 51  0 

and  the  45  fimctions  are  stk  defined  in  Equation  (21)  for  n * 1. 


(24) 
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HI.  NUMERICAL  EXAMPLE 


Equations  (19)  and  (23)  in  the  preceding  section  show  the  frequency  of  the 
reflecting  surface  height  variations  and  its  hamonios  appearing  in  the  received 
radio  signal.  A numerical  exaoq}le  is  solved  in  this  section  to  further  enphaeize 
the  Importance  of  the  surface  variation  frequency  and  its  harmonics  in  the  total 
signal. 

Equation  (11)  is  used  to  compute  |r|  for  several  values  of  the  paramefters 
0Q  and  K,  A value  of  58®  is  chosen  for4>  in  Equation  (6)  to  correspond  to  experi- 
mental data  described  later.  The  frequency  of  the  surface  variation  is  arbitrary. 

The  solution  for  |R|  in  the  numerical  exaoqile  is  shown  in  Figures  1,  2 and  3* 
The  anplitude  of  the  princlpjQ.  frequMioy  components  In  |r|  is  shown  in  Figures  4, 
5 and  6 as  a function  of  Qq  . The  anplitude  curves  in  Figures  4,  5 and  6 were  ob- 
tained by  a Fowier  [ij  analysis  of  the  |r|  curves  in  Figures  1,  2 and  3»  Higher 
harmonics  than  the  third  were  found  to  be  small. 


DEPARTURE  OF  RELATIVE  TIME  PHASE  FROM  ITS  MEAH  VALUE— DEGREES 
TIME  VARIATIONS  IN  TOTAL  RECEIVED  SIGNAL  WITH  K = 0.8 


AMPLITUDE  DISTRIBUTION  OF  THE  FREQUENCY  COMPONENTS  IN 
THE  TIME  FLUCTUATIONS  OF  THE  RADIO  SIGNAL  FOR  K = 0.8- 


FUNdAME 
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The  ourves  in  Flguraa  1 thru  6 graphically  ohow  the  effect  produced  by  the 
reflecting  surf;-ioe  variation  on.  the  radio  signal  received.  The  fundamental  of  the 
surface  variation  frequency,  for  example,  is  found  to  be  domiriasit  over  most  of  the 
range  of  ©o^  A strong  second  harmonic  is  found  most  of  the  time  with  a t^drd  har- 
monic becoming  prominent  for  oome  values  of  Sq, 

It  is  important  to  note  that  only  the  even  harmonics  are  present  in  | R | at 
- 0*^  or  ISO®,  Figures  4,  5 and  6,  This  would  correspond  to  having  the  signal 
fluotuttte  about  a signal  maxlmtffi  or  a signal  minimum,  respectively,  In  a helg!>t~ 
gain  curve.  The  dleappearanoe  of  the  odd  harmonics  is  prodloted  by  Equation  vi?) 
slnoa  the  Sin  (ne^  coefficient  of  31n  (n4)Sin  tut)  is  aero  for  © « o'’  or  3j80°, 
Thus,  this  tom,  vdiioh  give?  the  odd  haroonios,  disappears  for  these  conditions, 

The  curves  in  Figure  show  the  magnitude  of  the  three  primary  froqjiency  oea*~ 
ponente  present  in  the  relative  radio  power  received*  Eqjiation  (24),  These  ourves 
were  computed  using  the  4>  functions  as  defined  In  Equations  (21)  for  n * 1, 


IV,  CORRELATION  CONSIDERATION 


The  nonnallBed  oroaaoorrelation  [.2]  ooeffloient  p%  g (n:) 
for  the  reflecting  surface  variation  and  the  fluotuatione  in  the 
signal.  The  oathanatloal  expression  forPio  (nc)  is 

,T! 


is  computed  at  T • 0 
total  rsoslved 


r[TtT  yg(t) 


/. 


yi(t)  jrglt  4 t)  dt 


(25) 


wiiere 


y,(t)  m 1.0  Sinot,  (assumed  reflecting  surface  amplitude  variation), 
yT(t)  ■ fluctuating  part  of  R ocmponsnt  of  curves  in  Figures  1, 

2 and  3]  . 


/l(t)  • effsotlve  value  of  Fj^(t) 
y^(t)  ■ sffsutive  value  of  y2(t) 


The  oroosoorialation  ooeffloient  for  ^ - 0 is  shown  in  Figure  6 as  a funo- 
tlon  of  Og  for  K •<  1,0,  Tho  curves  for  K " 0.0  and  0,6  wore  also  computed  but 
ar«  not  shown  as  there  was  no  significant  difference  between  them  and  Figure  8, 

Thd  oroaaoorrolAtion  curve  in  Figure  8 shows  a correlation  ooefflolant  of  aaro 
tetweru  the  radio  slgnai  variations  and  the  reflecting  surface  varlatione  when 
Op  ■ O”  or  180”,  or  In  terms  of  height-gain  uurvos,  when  at  a signal  maximum 
O'  a',  a signal  minimum,  r*t*im»o.ti''rF«ly, 

A fllngla  oroflSQorrs.l ’\tion  curve,  Flgura  9,  was  computed  for  the  fluotiin- 
tionp  in  the  total  signal  at  6^,  ~ 0 and  tho  fluctuetlona  at  other  values  of 
This  was  computed  for  K ••  J ,0  OJily.  The  curve  shown  the  corrolation  to  be  eapeot^ 
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between  the  f2,uatuationB  In  the  signal  at  a height-gain  maxifflum  and  the  fluctua- 
tiono  in  the  signal  at  other  reoeivor  heights  which  are  near  the  height  of  the 
height-gain  maxlmon.  Thla  aurva,  of  courae,  la  directly  applicable  only  to  tho 
numerical  asample  in  this  paper. 


V.  ANALy3.T3  OP  PlffilD  MEA3URH3  RADIO  SICWAL3  CW  OVffiWATER  PATH 


Signal  strength  measurements  were  tnada  on  an  overwater  path,  16,200  feet  long, 
across  the  QoMon  date  Inlet,  San  Francis oo,  California,  Figure  10,  The  trans- 
mitter height  was  8?  feet  above  mean  sea  level  and  the  receiver  height  wae  approod- 
mately  50  feet  above  mean  sea  level.  The  water  level  data  [3]  xwfe  obtained  at  the 
pile  In  Figure  10.  A nominal  value  for  the  swell  amplitudes  as  measured  was  two 
feet,  peak  to  trough. 

Spectral  density  studlsa  [4]  were  loade  of  the  variations  with  tlmo  of  the 
water  level  end  of  the  variations  with  time  of  the  radio  signal.  Sample  ourves 
are  shown  in  Figures  11^  12,  13  and  14. 

Figure  U Is  the  water  data  spectral  density  ourve  and  Is  typical  of  all  the 
water  data  samples  takai>.  The  nrequenoy  at  whloh  the  peak  ooourrad  varied  slightly 
from  day  to  day  but  otherwlee  the  viurve  remained  eseentlally  the  aeme.  The  spec- 
tral denelty  ourves  of  tiie  radio  signal  varied  considerably  aa  Figures  12,  13  and 
JU  will  altsst.  These  are  tj>pj.oal  oases  of  the  ourves  found  although  there  were 
a few  oaeee  in  vddoh  the  aeoond  peak  was  larger  than  the  first.  There  were  no 
oasee  in  whloh  « definite  fourth  peak  was  found. 

The  vety  good  agresment  between  the  central  frequsnoy  at  which  the  peak  nooiurs 
in  the  water  speotral  density  ounra.  Figure  11,  and  the  central  frequency  of  thn 
first  peak  in  the  radio  spectral  density  ourves.  Figures  12,  13 ^ and  14.  suggHts 
very  strongly  that  one  results  from  the  other.  Also  the  second  and  third  peaks 
In  the  radio  data  are  so  near  the  second  and  third  harmonic  froquenoles  of  the 
first  peak  central  frequency  that  It  nnist  be  asL^umed  that  they  are  the  hamonlos 
of  the  fLrat  peak  oentral  frequenoy. 

The  n'uaorioal  acosmplo  curves  in  Figure  7,  show  how  a proper  ohoios  of  6^  would 
ylald.  by  thcoretloal  oMlyeis,  ourvee  of  IRI  having  the  same  fluctuation  oharao« 
terlstlca  &e  found  in  the  measured  data.  In  Figure  7,  for  exampl^  a oonstant 
amplitude  refleoted  wave  with  a jaean  relative  time  phase  of  or  100°  and  a Fel«i- 
tivo  time  phase  var’wMon  of  Sin  «t  would  have  produced  In  the  total  i- ooeived 
signal,  n time  vifryin^  contponont  having  a strong  fundaowntal  and  a negligible  dooond 
and  third  hamnnlo  of  the  driving  frequenoy  as  found  In  the  measured  data  elioim 
In  Figure  12.  If  the  moan  relative  time  phase  had  been  15°  cr  165°,  a apeotrai 
density  curve  similar  to  the  meaeured  curve  In  Figure  13  would  have  been  obtained, 
Slioilarly,  a mean  relative  time  phase  of  130°  would  have  resulted  In  the  spaoti'al 
density  oiurve  in  Figure  1/*. 

The  theorrtloal  analysis,  of  oourss.  Is  for  a single  water  wave  froquemey  and 
thus  givoa  only  line  spectra,  wbereati,  the  fielci  measured  curves  are  for  condl,tions 
of  oontinuouH  mtor  wave  spectra,  it  la  not  too  difficult,  however,  to  viauaJlae 
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FREQUENCY  — C'fCLL  -/SCCONO 


FREQUENCY  SPECTRUM  OF  A.C,  COMPONENT  OF 
TOTAL  RADIO  SIGNAL  SHOWING  SINGLE  PEAK. 


FIG.  12 
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FREQUENCY  SPECTRUM  OF  A.C.  COMPONENT  OF 
TOTAL  RADIO  SIGNAL  SHOWING  LARGE  SECOND 
HARMONIC. 
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RELATIVE  POWER  PER  CYCLE 
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FREQUENCY  SPECTRUM  OF  A.C.  COMPONENT  OF 
TOTAL  RADIO  SIGNAL  SHOWING  PROMINENT  SECOND 
AND  THIRD  HARMONICS, 
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t!iw  virivijiiK  foro9  in  the  ni«»QidOA.l  aranple  u a band  of  fraqitanaiW;,  In  iMch  oase, 
tho  apaofcra  >iould  bo  a band  apaotra  olsdiar  to  th<»  field  maaavred  oase.  Thaa  we 
aeo  that  the  pattorne  in  Pigur-a  12,  U and  14  plus  wsu'ii'  othsrs  could  bs  ototainod 
from  a aingle  apeoularly  roflectijd  wave  of  oonfiitant  amplitude. 

the  mean  relative  pbaae  in  the  field  maaeuriwl  data  waa  easentlallr  oonatant 
over  abort  pariode  of  time,  iiowever,  ohangea  in  water  level  due  to  the  tide  did 
ubange  Op  oonaiderabljr  over  longer  peritxle  of  time.  Tidea  varied  £xm  four  to  aix 
feet  during  the  period  of  meaaurwnent  and  thua  changed  the  effeotlvo  terminal 
heij^B  h.  and  h.  auoh  that  varied  during  the  day  aa  much  aa  232°  or  348°,  de- 
pen^bng  on  the  tide  that  day.  This  range  of  variation  was  eufflolent  to  oorer 
alnoat  all  of  the  poaaible  ooabinatlona  of  ocBponenta  ahoMn  in  Figure  7> 


VI.  SINTHBSIS  OF  RADIO  aiONAIS  ON  AN  CVfiiMATER  PATH 


The  doean  model,  aaaumd  in  Section  1 ie  uaed  to  ooantxtt*  a hei^t-gain  ourve 
for  a aeoond  overweter  path.  The  equation  for  the  curve  la  madsar  (8) . The  cobh 
ponente  of  the  relative  phase  angle  e vary  in  accordance  w&th  Squat  Ion  (Ji). 

The  values  asaigped  the  parametere  In  Bquatlon  (8)  art  thoee  of  an  overvater 
path  at  Barataria  PaaS|  Louleiana  [5}.  See  Figure  15.  The  valuee  aret  h.  ■ 6l«7 
feet,  b w 1/12  foot,  X>  0.105  foot,  and  D « ^80  feet.  The  tins  variaciona  in 
the  Wghb  of  the  reflecting  aurfaoe  are  arbitmrl^  related  to  the  time  factor 
in  th«  halght'e^i  «uii  muuU  ■ way  that  7.12  cyolea  of  the  eurfaco  vaiiatione 
are  coogdeted  in  one  cycle  of  the  height-gain  variation.  If  ve  negleot  n in  tha 
% cxmponent  of  Riquation  (5)  and  aseuae  an  initial  phase  angle  for  the  reflecting 
surface  variatlona,  the  equation  for  0 ie 

& m 2,6^  hg  - ^ g ^ j Sin  (18.9  hg  - ?#037^  (2^^) 

A value  of  0.9  is  aaaumed  t5  3 for  K,  so  that  the  equation  for  R la 

K . 1 * 0.9  “a  - “e  - 3'<>37?  (W 

Bquatlon  (27)  is  ehown  plotted  in  Figure  16(b) . 

The  B,ynt'.heels  of  the  radio  signal  is  carried  one  atop  further  In  order  to 
investigate  the  effect  on  the  pattern  of  tha  height-gain  curve  of  a email  variation 
In  the  reflection  cceffloient.  Accordingly,  K ia  assumed  to  vary  In  tha  following 

manner 


K - 0.9  - 0.05  Sin  (18.9  hg  - 3.037) 


(28) 
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If  we  »B8une  4^'  to  be  zero,  the  equation  for  R is 

R « 1 + | o.9  - 0.f)5  Gin  (Ib.g  hg  - 3.0371  I **2  (29) 

A plot  of  Equation  (29)  is  ohown  in  Figure  l6(o). 

Figure  16(d)  is  a plot,  of  R with  both  K and  d having  4 slnuooidal  tine  rtxj^ 
iag  aoDf'onentt  The  equation  for  R ia 

« - 1 *|[o.9  - 0.05  Sin  (18.9  hg  - 3.0!5?'j 

,^[2.65  hg  - hg  - 3.037 jjj  (30) 

Figure  16(a)  le  a aanple  of  themdio  signal  R aa  aotmllr  jneaeured  at  Baratairia 
Pans.  The  agreement  of  thle  eignal  with  the  eynthoeieed  slgiaali  In  l6(b)  and  (d) 
le  very  good  and  indicates  the  «jttreme  lapo'rtanoe  of  the  raliitlve  pbaie  of  tta^, 
refler^ted  wave. 


Vll.  CONCWaiOMS 


1.  Variaticmo  In  the  relative  time  phase  of  the  reflected  wave  generates, 
In  the  cesiblnation  of  the  direct  wave  and  the  reflected  wave  in  the  receiver,  a 
fundamental  and  higher  harmonica  of  the  driving  notion  oauevlng  the  phase  varii« 
tione, 

2.  Nomaliud  croeeoorrelation  studien  of  the  tine  variations  In  the  enpll- 
ti^dc  of  a radio  signal  taken  on  an  overweter  path  .and  the  ass.'iclated  time  varla-' 
tlsr.»  in  the  height  of  the  ocean  surface  may  vary  .from  zero  to  unity,  depending 
on  the  r<£.lative  time  phase  of  the  zeflected  radio  wave  and  the  direct  radio  wave, 

3.  Formalized  ra'osacorrslation  etudias  of  the  t.lme  varietlona  in  the  affipli- 
tude  of  radio  signals  taken  on  vortioally  spaced  antennas  may  vary  ft*om  plus  or 
minus  one 'to  zero, 

4.  The  good  agre«ment  of  the  spectral  density  distribution  of  the  time  vari- 
atioins  in  the  radio  signal  vidth  the  predicted  spectral  density  distribution  based 
on  the  assumed  ocean  model  indloates  that  the  assumed  model  ia  a good  approximation 
of  the  true  ocean  existing  at  thw  time  the  field  data  were  taken. 

5.  The  good  agi'sr.TSiont  referred  to  in  paratp"«iph  (4)  above  also  shows  very 
strongij-  that  the  rolative  time  phaae  variations  in  the  rafleotod  radio  signal 
p.!*o  a major  factor  in  determining  the  time  9bablU.ty  of  the  amplitude  of  the  t.otal 
radio  signal. 
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6.  Th#  i^'«p.rod’aoll>llity  of  fl«ld  BUtaaured  data  by  ralablve  tins  phaso  v&sifi- 
ations  in  th«  rsfltiotffd  ray  oxxors  additional  evldsnca  of  tho  Inportanoa  of  ths 
rslativo  tltaa  phase  varlatlone  in  the  tine  stability  of  the  total  radio  signal . 

7*  The  promli'ienoa  of  the  surface  variation  fundamental  In  Pigur<»a  L?.  ^13 
and  lit.  suggests  that  the  surface  reflected  wave  comes  primarily  from  a small  area 
arnnni!  the  geotnstrioal  Image  paint , !,«,«  an  area  of  the  oama  ovdw  of  *magnitud« 
as  the  indl'iddual  swell  wavelength. 
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